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Charge injection across a polymeric heterojunction
T. van Woudenbergh, J. Wildeman, and P. W. M. Blom*
Materials Science Centre, University of Groningen, Nijenborgh 4, NL-9747 AG Groningen, The Netherlands
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The charge injection across a polymeric heterojunction of a poly-p-phenylene vinylene derivative sinjecting
layerd and polys9,9-dioctylfluorened saccepting layerd is investigated. The electric field in the accepting layer is
obtained after correcting the applied voltage for the voltage drop across the injecting layer due to the buildup
of space charge. At high electric fields, the current across the polymeric heterojunction exhibits only a weak
dependence on the field due to the absence of image force effects, in agreement with model predictions. The
strong dependence at low fields can be explained by taking the increase of the Fermi level into account, which
effectively modifies the barrier for charge carriers waiting for a jump across the heterojunction.
DOI: 10.1103/PhysRevB.71.205216 PACS numberssd: 72.80.Le, 73.61.Ph, 85.60.Jb
I. INTRODUCTION
A typical polymeric light-emitting diode sPLEDd consists
of a thin layer of undoped conjugated polymer sandwiched
between two electrodes. Experimentally, attention has espe-
cially been focused on PLEDs that contain the conjugated
polymer polysphenylene vinylened sPPVd or its derivatives
which have an external conversion efficiency larger than 1%
photons/charge carrier.1 The electron conduction in the PPV
derivatives proved smaller than the hole conduction, which
was attributed to the presence of traps2 or lower electron
mobility.3 For PLEDs, in which both electrons and holes are
injected, the different conduction of electrons and holes is
directly responsible for the distribution of the light output in
the polymer layer. Model calculations of a PLED with
Ohmic contacts showed that the light output is mainly con-
fined in a region close to the cathode, due to the reduced
electron conduction.2 As a result, nonradiative energy trans-
fer to the metallic cathode strongly reduces the quantum ef-
ficiency sphoton/charge carrierd of the PLED at low voltages.
The use of heterojunctions has proven to be very useful,
as has been demonstrated in light-emitting diodes sLEDsd
based on evaporated small molecules forganic LEDs
sOLEDsdg. In these multilayer OLEDs, the active part con-
sists of various layers with various functions, leading to
highly efficient devices.4 These layers are chosen to have
properties, such as hole and electron transport, hole or elec-
tron blockage, and high emission. For PLEDs, the prepara-
tion of multilayers from a solution is more problematic be-
cause the bottom layer can be dissolved during the
application of a subsequent layer. The optoelectronic proper-
ties of organic multilayer devices are strongly dependent on
the offset in band-edge positions. For example, the presence
of a large energy barrier at an interface blocks highly mobile
charge carriers and prevents radiative losses near the metal
electrodes.
Recently, a theoretical model describing charge transport
across an interface from one organic dielectric into another
was developed by Arkhipov et al.5 So far, no systematic
experimental study has been conducted to investigate the
charge transport across organic-organic interfaces sOOIsd.
Attention has mainly been focused on the injection of
charges from a metallic electrode into an organic dielectric.
For inorganic semiconductors, the charge injection is de-
scribed by thermionic emission and tunneling.6 For organic
semiconductors on the other hand, the charge injection is
governed by the hopping of charge carriers into localized
sites that are energetically disordered.7 This energetic disor-
der is caused by fluctuations in the energy of the localized
transport sites, described by a Gaussian density of states
sDOSd with a width s of typically 0.1 eV.8 The presence of
energetic disorder is expected to strongly reduce the tem-
perature dependence of the charge injection process, as has
been experimentally confirmed by studies on PPV.9 A funda-
mental difference between charge transport across an
organic-organic interface sOOId and a metal-organic inter-
face sMOId is that for an MOI the image charge potential
causes a barrier lowering, which strongly influences the field
dependence of the charge injection.7 For an OOI, low carrier
concentrations and slow dielectric relaxation in the “elec-
trode” sinjecting layerd do not allow the creation of an image
charge, and the image potential is absent. Therefore, it is
expected that the charge transport across an OOI is only
weakly field dependent as compared to the MOI.5
In the present study, the charge injection across a poly-
meric heterojunction is investigated. The heterojunction is
formed by a PPV hole injecting layer with a poly s9,9-
dioctylfluorened sPFOd hole accepting layer on top. For such
a system, an interface energy barrier for hole transport is
formed between the PPV and the PFO due to the offset be-
tween the highest occupied molecular orbits sHOMOsd of
both polymers sinset Fig. 1d. PPV has a HOMO of 5.3 eV,10
while for PFO the HOMO is about 5.8 eV,11 resulting in an
interface energy barrier of fB,0.5 eV. It is demonstrated
that such a large injection barrier strongly limits the hole
current across the heterojunction. At high applied voltages,
the weak field dependence of the current across the poly-
meric heterojunction is in agreement with the predictions of
the model from Arkhipov et al.5 At low fields, the experi-
mental current shows a stronger field dependence as com-
pared to the model. This is attributed to a change of the
effective barrier height due to the filling of states at the in-
jecting interface.
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II. EXPERIMENT
The two-layer devices consist of an indium tin oxide
sITOd bottom electrode, covered with a layer of a bi-ethyl
hexyl-PPV sBEH-PPVd derivative, that has been spin coated
from chloroform s6 mg/mld. The top layer consists of PFO,
that has been spin coated from toluene s20 mg/mld. The
BEH-PPV derivative is not soluble in toluene. Via thickness
measurements, it has been confirmed that the thickness of the
two-layer devices equals the thickness of two separate layers
sPPV and PFOd, prepared with the same spin-coat condi-
tions. Two batches have been used. For one, the bottom layer
is dPPV=100 nm, with a top layer of dPFO=70 nm, the other
batch has a bottom layer dPPV=140 nm sdPFO=100, 140, and
230 nmd. On top of the PFO, a Au contact has been evapo-
rated. For such a device sinset Fig. 1d, the bottom ITO elec-
trode forms an Ohmic contact on PPV, while the Au top
contact blocks electron injection into the PFO layer, and the
current throughout the device is carried by holes shole only
deviced. As a reference, single layer hole only devices have
been made, where the ITO bottom electrode has been cov-
ered with the BEH-PPV derivative, and on top a Au elec-
trode has been evaporated.
III. RESULTS
A. Injection-limited transport
across the polymeric heterojunction
In Fig. 1, the current-density voltage sJ-Vd characteristic
of a PPV/PFO double-layer device is shown. The thicknesses
amount to 140 nm and 230 nm for the PPV and PFO, respec-
tively. It is observed that the current of the two-layer PPV/
PFO devices is indeed strongly reduced with respect to the
PPV single-layer device. The dashed line is the space-charge
limited sSCLd hole current calculated with a field-dependent
mobility of the form mhsEd=mhs0dexpsg˛Ed. A zero-field
mobility mhs0d of 1.5310−10 m2/V s and a field activation
factor g of 3310−4 sm/Vd1/2 have been obtained. As a ref-
erence also, the maximum attainable current for the double-
layer device is calculated: This current is reached when the
OOI energy barrier is not present and the current is only
limited by the buildup of space charge in the two layers. The
solid line shows the calculated space SCL current sSCLCd
for the two-layer device. For the mobility of PFO, mhs0d
=1310−9 m2/V s and g=5310−5 sm/Vd1/2 have been
used.11,12
It is observed that at low voltages, the measured current
density for the two-layer device strianglesd is more than three
orders of magnitude lower than the calculated bulk SCLC
ssolid lined, which indicates that the current across the het-
erojunction is indeed strongly injection limited. From this
observation it is expected that the field distribution across the
PFO layer is uniform, since the amount of charge carriers
entering the PFO is too small to locally change the field. It
should be noted that this constant electric field in the accept-
ing PFO layer, EPFO, determines the charge transport across
the heterojunction interface.5 In order to analyze this depen-
dence of the injection-limited current sILCd on the field
across the PFO, the applied voltage needs to be corrected for
the voltage drop across the bottom PPV layer. For very thin
top PFO layers, an eventual voltage drop across the bottom
PPV injecting layer can have a relatively large influence on
the electrical characteristics. It is important to realize that the
charge transport through the PPV-based injecting layer is
SCL. As a result, this layer only becomes conductive when
charge is injected into it. Since this charge is not neutralized,
it will lead to a buildup of electric field in the PPV, and
subsequently to a substantial voltage drop across this layer.
B. Potential drop across the PPV injecting layer
For SCL transport, the current is proportional to the total
amount of injected charges, which makes it possible to de-
couple the hole transport in the PPV and the transport across
the heterojunction. In case of a field-independent mobility,
the voltage drop across the PPV sVPPVd for a given current-









As an example, for a current density of J=10 A/m2, a thick-
ness of dPPV=140 nm for the PPV bottom layer, and a mo-
bility of mhs0d=1.5310−10 m2/V s, the voltage drop over
the PPV layer is about 2.5 V, while the experimental voltage
drop over the total device is about 9 V for a PFO thickness
of dPFO=100 nm to 18 V for dPFO=230 nm. As a result for a
thin PFO top layer s100 nmd, this 2.5 V amounts to almost
one-third of the total voltage drop. In the case of a field-
dependent mobility, the voltage drop can be solved numeri-
cally from the one-carrier SCLC model.2 It should be noted
that such a procedure correctly provides the voltage drop
across the PPV layer of the heterojunction device, since both
FIG. 1. Current density as a function of voltage for an ITO/
PPV/Au hole-only device sd=140 nmd ssquaresd together with an
ITO/PPV/PFO/Au double-layer device sd=140+230 nmd stri-
anglesd. The dashed line is the calculated SCLC through the single-
layer device, the solid line depicts the calculated SCLC through the
double layer in the absence of an interface barrier. The inset shows
the schematic energy band diagram of the double-layer device.
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current and voltage drop are related to the total amount of
charge inside the layer. However, the field- and carrier den-
sity distribution of the single carrier SCLC model are not
applicable to the heterojunction device; in the heterojunction
device, there will be a large buildup of charge carriers at the
blocking junction, as will be later discussed in the device
model for the double-layer device. With VPPV known, the
voltage drop and field across the PFO layer follows directly
from
VPFO = V − VPPV. s2d
The electric field, EPFO, in the PFO top layer now becomes
EPFO=VPFO/dPFO. Figure 2 shows the resulting J−EPFO plots
for the various double-layer devices. It is observed that J
scales with EPFO, as expected for an injection-limited device.
Thus, Fig. 2 represents the J−EPFO relation of the experi-
mental ILC across the PPV-PFO heterojunction.
C. Comparison of the experiment with the OOI model
In the next step, the injection current from PPV into PFO
has been compared with the injection model for organic het-
erointerfaces sOOI modeld.5 In this model, the current across








d«Bolsfb + « − eEPFOxd
3gs«dwescs«d , s3d
where k is the inverse localization radius, « is the energy,
Bols«d is the energy dependence of the jump rate, gs«d is the
Gaussian DOS, and wescs«d is the escape probability. As an
input, the energy distribution width sPFO and the nearest-
neighbor distance aPFO in the accepting layer should be
known. The width of the distribution, sPFO, has been taken
from time-of-flight measurements on PFO, sPFO=0.1 eV.13
The nearest-neighbor distance aPFO can be estimated from
the length of a PFO monomer, aPFO,1 nm. Furthermore, the
barrier height amounts to fb,0.5 eV. An inverse localiza-
tion radius k of 53109 m−1 has been used.14
As shown in the inset of Fig. 3 in the theoretical model, it
is assumed that the DOS at the PPV interface is filled up to
the center of the Gaussian distribution, and the charge carri-
ers therefore jump from the maximum of the Gaussian
DOS.5 Using these parameters, the injection current across
the OOI can directly be calculated. In Fig. 3, the injection
current calculated from the OOI model is plotted together
with the experimental J−EPFO characteristics for T=293 K.
At higher electric fields s,108 V/md, the experiment is well
described by the OOI model. The calculated injection current
from the OOI model in this field range is only weakly field
dependent. For comparison, in Fig. 4, the current across the
polymeric heterojunction is plotted together with the ILC
from a Pt bottom electrode into the PFO layer. For the
freshly evaporated Pt, we measured a work function of
,5.0 eV in nitrogen atmosphere. This leads to a hole injec-
tion barrier of about ,0.8–0.9 eV, also resulting in a
strongly ILC. The ILC from the metallic electrode is mod-
eled with the hopping-based injection model.7 As expected,
the absence of image force lowering in the organic-organic
heterojunction leads to a strong reduction of the field depen-
dence as compared to the injection from a metallic
electrode.5
At low fields, there is a large discrepancy between the
experimental current and the OOI model. In the model, it is
assumed that the starting energy for a carrier jump across the
OOI is the middle of the Gaussian DOS of the injection
layer. However, for an organic heterojunction between two
FIG. 2. Current density sJd versus the electric field EPFO in the
accepting layer, with the applied voltage being corrected for the
voltage drop across the PPV bottom layer. One double-layer device
consists of a PPV bottom layer with dPPV=100 nm and a top PFO
layer of dPFO=70 nm, the other devices have a PPV bottom layer of
dPPV=140 nm and top PFO layers of dPFO=100, 140, and 230 nm,
respectively.
FIG. 3. J−EPFO characteristic for dPFO=230 nm ssquaresd and
dPFO=70 nm strianglesd device at room temperature, together with
the calculated injection current from the OOI model ssolid lined.
The inset shows the half filled DOS of the PPV at the heterojunc-
tion interface, the charge carriers jump from the center of the
Gaussian into the states of the PFO, as assumed in the OOI model.5
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disordered materials, this starting energy is not a well-
defined value, as will be discussed in the next section.
IV. DISCUSSION
A. Low electric field: Influence of charge carrier concentration
For injection of charges from a metal contact into an or-
ganic dielectric, the starting point for a charge carrier jump is
always the metal Fermi level, independent of the injection
current density. However, for an organic heterojunction, the
Fermi level—from where a charge carrier is injected—does
depend on the injection current because the charge carrier
concentration at the interface changes with current, as indi-
cated in the inset of Fig. 7. In a disordered semiconductor,
the charge carrier mean energy is at s2 /kT below the center
of the Gaussian DOS for low carrier concentrations,8 with s
as the width of the energy distribution of the transport sites.
This mean energy is then the starting point for the injection
of charges across the heterojunction. However, with increas-
ing carrier concentration, the Fermi level passes the equili-
bration energy, «F.−s2 /kT, and the energy level from
which the charge carriers are injected now rises with «F.











1 + expS« − «FkT D
, s4d
where Nsites is the concentration of localized sites in the PPV.
In the original OOI model,5 two situations have been de-
scribed: One for a half-filled DOS where the injection energy
level equals the center of the Gaussian distribution s«inj=0d,
and one for very low carrier densities, where the injection
energy level equals the equilibration energy, «inj=−s2 /kT.
However, it is also pointed out that the OOI model can be
applied to an arbitrary injection energy, which results in an
effective barrier height, fb,eff=fb−«inj. As described above,
the additional injection energy «inj is given by











where «F is found from Eq. s4d.
B. Drift-diffusion device model
In order to take the filling of interface states into account,
the charge carrier density at the heterojunction has to be
calculated as a function of the electric field over the PFO top
layer sEPFOd. For this, a numerical drift-diffusion device
model is used.15 In this drift-diffusion device model, the
Poisson equation is self-consistently solved together with the
continuity equations sincluding both drift and diffusion of
charge carriersd by using the Gummel iteration technique.
The device model has been used as is depicted in Fig. 5sad:
For the PPV bottom layer, the hole transport parameters are
known from single-layer PPV devices, that show the charac-
teristic SCLC both for room temperature sT=293 K, see Fig.
1d as well as for low temperatures, e.g., T=248 K and T
=198 K. The SCLC of the single PPV layer has a strong
temperature dependence that originates from the thermal ac-
tivation of the mobility.2 The activation energy D is D
=0.5 eV. With the mobility in the PPV known, the concen-
tration throughout this layer in the double-layer device can
be calculated for a certain current density. This charge distri-
bution is fixed by the boundary charge densities: At the ITO
anode, all the states are filled sOhmic contactd, whereas at the
heterojunction the charge density is unknown, and so the
interface concentration pint is estimated. Concurrent with the
charge distribution, the field distribution and resulting volt-
age drop are also calculated. As a result, for an estimate of
pint, the electric field at the heterojunction interface, EPPV,int,
as well as the voltage drop across the PPV layer, VPPV, are
also obtained.
As input for the double-layer device model, the measured
current density J, together with the applied bias V scorrected
for a small built-in voltaged are used. As the device model
calculates the voltage drop across the PPV layer, VPPV, the
voltage drop across the PFO layer VPFO=V−VPPV and thus
the electric field, EPFO=VPFO/dPFO, are also known. The nor-
mal component of the electric displacement is constant
across an interface, ePFOEPFO=ePPVEPPV. Due to the small
difference in dielectric permittivity for polymers ser,3d, this
condition reduces to EPPV,int=EPFO. Running the device
model will return a field, EPPV,int, found from the charge
distribution in the PPV, together with a field, EPFO, found
from the net voltage across the PFO top layer. The charge
concentration pint is adjusted until the condition EPPV,int
=EPFO is fulfilled. For a larger pint, the charge concentration
close to the heterojunction interface is enhanced, resulting in
FIG. 4. The ILC across a PPV/PFO interface sOOI, squaresd
together with the injection current from a Pt anode into PFO
scirclesd. The measurement of the heterojunction is corrected for the
voltage drop across the PPV layer. The solid line is a calculation of
the injection current for a MOI with fb=0.9 eV.
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a higher EPPV,int. Similarly, a smaller pint results in a lower
value of EPPV,int. At the same moment, the field EPFO is rather
insensitive to pint. The output of the program is the electric
field, EPFO, together with p¯int, the spatial average of the
charge concentration over the last monolayer s1 nmd. The
complete flow diagram used to calculate EPFO and p¯int from
the measured J-V characteristic is shown in Fig. 5sad.
In Fig. 5sbd, the calculated charge carrier density p¯int in
the PPV at the PPV/PFO interface is plotted as a function of
the electric field in the PFO accepting layer. It is found that
the charge concentration ranges from p¯int<1.231024 m−3
s«F=−0.32 eVd at EPFO=2.23107 V/m up to p¯int<1.3
31025 m−3 s«F=−0.21 eVd at EPFO=1.13108 V/m, com-
pared with a site density of Nsites=331026 m−3 for PPV-
based polymers.16 Thus, already at low current densities,
there is a substantial filling of the PPV-DOS near the hetero-
junction interface. In our measurement range, the Fermi level
always lies above the equilibration energy, s2 /kT, and there-
fore determines the effective energy barrier, fb,eff=fb−«F.
For T=248 K and T=198 K, roughly the same charge carrier
densities p¯int have been found, as can be seen from Fig. 5sbd.
The charge carrier density in SCL layers is nearly indepen-
dent of temperature, since it is governed by electrostatics:
Following Poisson’s equation, the buildup of the electric
field is directly given by the excess charge throughout the
device. As a result, the charge carrier density at the interface
p¯int is nearly independent of temperature.
One might argue that jumps from sites deeper into the
PPV layer can also contribute to the injection current. How-
ever, the band diagrams in Fig. 6 show that the Fermi level is
constant over the last few nm in the PPV sconstant barrier
heightd, whereas the electronic wave function decays very
rapidly s,0.2 nmd and the charge concentration drops
deeper into the PPV. Therefore, the contribution to the injec-
tion from deeper lying monolayers decreases very rapidly,
and only the last monolayer in the PPV contributes to the
injection. Therefore, the average charge concentration in the
last monolayer, p¯int, has been chosen to calculate the effec-
tive barrier height.
C. Modified organic-organic injection model
Taking this filling of the PPV-DOS at the heterojunction
into account, the injection current has been recalculated with
FIG. 5. sad Flow chart of the operationalization of the drift-diffusion device model: As input, the experimentally measured current density
J and bias V are used. An interface concentration pint is estimated, and the voltage drop VPPV and interface field EPPV,int are calculated. With
VPPV, the voltage drop and the electric field across the PFO layer are calculated ssecond blockd. Comparing EPPV,int with EPFO results in a
decision for the new value of pint sthird blockd. The calculation is looped until a desired precision in the comparison of EPPV,int and EPFO is
reached. This results in the values of EPFO and p¯int. sbd Spatial averaged charge carrier density p¯int over the last 1 nm of the PPV at the OOI
interface as a function of the electric field in the PFO layer. Different temperatures and device thicknesses are shown as indicated in the label.
FIG. 6. Band diagram sHOMO, solid line, and hole quasi-Fermi
level, dashed lined for two current densities. The area around the
PPV/PFO heterointerface is shown. For clarity, the vertical axis is
reversed. The work function of the ITO has been taken as a refer-
ence sfITO=−5.0 eVd.
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the OOI model. For a given electric field at the heterojunc-
tion, the corresponding density at the interface is obtained
from Fig. 5sbd. Then, from Eq. s4d, the position of the Fermi
level in the Gaussian is calculated, from which the effective
barrier for injection is obtained. This effective barrier is used
in the injection model, represented by Eq. s3d, to calculate
the modified ILC across the OOI. This procedure has been
repeated for a number of fields, as shown in Fig. 7 scrossesd.
For the width s of the Gaussian DOS of the PPV a value of
0.11 eV has been used.2
As shown in Fig. 7, such a correction indeed increases the
field dependence of the current across the organic hetero-
junction at low fields, but is not strong enough to be in agree-
ment with the experimental data. At higher fields, the cor-
rected model exhibits a weak field dependence, similar to the
uncorrected model where injection was assumed to start only
from the center of the Gaussian DOS. This is because at high
fields the Fermi level approaches the center of the Gaussian,
and its shift with carrier density will become small due to the
large number of available states.
The fact that the corrected model still does not predict the
steep field dependence of the experimental current can origi-
nate from a number of reasons. First, the shape of the Gauss-
ian at the interface could be different as compared to the bulk
value, as suggested by Baldo et al.17 Furthermore, the pres-
ence of interface traps could also strongly modify the filling
effect at the interface. Measurements on injected-limited
PLEDs indicated that interface traps play an important role
in the injection process of charge carriers.18 Typical interface
trap densities of Nit=231016 m−2 were found for PPV. As an
example, we have assumed a uniform trap distribution with
density Ht=131025 m−3 eV−1 for energies −0.6 eVł«
ł0 eV, as shown in the inset of Fig. 8. This results in an
interface trap density of Nit<631015 m−2 for a 1 nm thick
injection layer, comparable to the interface trap density
found for previous experiments.18 It is observed that the
originally Gaussian DOS is modified by a long tail of trap
states. The filling of the uniform trap distribution is then
responsible for the steep field dependence at low electric
field, which weakens when the Fermi level approaches the
middle of the Gaussian DOS.
In Fig. 8, the J−EPFO characteristics of the PPV-PFO het-
erojunction are plotted for T=293 K, T=248 K, and T
=198 K. Also shown is the calculated injection current using
the modified sGaussian+uniform trapd DOS. As shown in
Fig. 8, the Gaussian DOS, modified by a trap distribution
can account for the observed ILC across the PPV/PFO
heterojunction.
At higher fields the temperature dependence is in agree-
ment with the model, at low fields the model slightly over-
estimates the observed temperature dependence. For a better
description of the ILC across an organic-organic heterojunc-
tion, detailed knowledge about the number and energetic po-
sition of the localized interface states is required. For ex-
ample, extending the temperature range down to nitrogen
temperature s,77 Kd would be helpful to say more about the
exact DOS but for temperatures lower than 198 K leakage
currents start to dominate. The main purpose of this exercise
sFig. 8d is to demonstrate that filling effects at the OOI
can completely dominate the observed current across the
heterojunction.
V. CONCLUSIONS
It has been demonstrated that a polymeric heterojunction
strongly limits the hole current due to an interface energy
barrier. In order to obtain the intrinsic field dependence of
the ILC across the heterojunction, the potential drop across
the injecting layer, due to the buildup of space charge, has to
FIG. 7. The measured current across the PPV/PFO heterojunc-
tion sdPPV=140 nm, dPFO=230 nm, squaresd together with the cal-
culated ILC over the heterojunction scrossesd for a number of elec-
tric fields. This calculation has been performed taking into account
the actual Fermi level for each electric field ssee insetd, due to the
filling of the DOS in the PPV near the heterojunction interface. The
solid line shows the result from the uncorrected model.
FIG. 8. Experimental characteristics for T=293 K ssquaresd,
T=248 K scirclesd, and T=198 K strianglesd for a ITO/PPV/
PFO/Au device with dPPV=140 nm and dPFO=230 nm, respectively.
The symbols s3d, s2d, and s1d are the injection currents for this
three temperatures as calculated from the corrected OOI model,
taking into account a Gaussian DOS together with a uniform trap
distribution. The inset shows the modified DOS.
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be taken into account. At high electric fields s.108 V/md,
the observed weak field dependence, due to the absence of
image force lowering, is in agreement with the predictions of
the OOI model by Arkhipov et al.5 The strong field depen-
dence of the injection current at low fields can be explained
by a rapid rise of the Fermi level out of the tail of the PPV
DOS, due to the increase in the charge carrier concentration.
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